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NOTATION 
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Jet  exit  area 


Maximum  cross-sectional  area 


Pressure  drag  coefficient  of  a  boattail  ■  D0/qA 

p  si 

Pv  “  P 

Base  pressure  coefficient  ■  —  — —  ■— 
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Base  diameter 


jet  exit  diameter 


Maximum  diameter 


Base  precsure 


Free- stream  static  pressure 


Free  •‘stream  dynamic  pressure 
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ABSTRACT 


The  results  of  the  afterbody  drag  study  are  presented  In 
four  volumes — Volume  1:  Drag  of  Conical  and  Circular  Arc 
Afterbodies;  Volume  2:  Jet  Interference  Effects  on  Subsonic 
Boat tail  Drag;  Volume  3:  Literature  Survey;  and  Volume  4: 
Data  and  Analysis. 

Volume  1  includes  a  series  of  charts  that  enable  the 
drag  of  conical  and  circular  arc  afterbodies  without  jet  flow 
to  be  determined. 


ADMINISTRATIVE  INFORMATION 

The  work  reported  was  performed  for  the  David  W.  Taylor  Naval  Ship 
Research  and  Development  Center  by  Payne,  Incorporated  under  ONR  Contract 
N00014-77-C-0039  as.  part  of  an  evaluation  of  afterbody  drag.  The  afterbody 
drag  project  was  supported  by  the  Naval  Air  Systems  Command  and  the  Naval 
Weapons  Center  under  Program  Elements  63361N,  62332N,  and  52241N;  Task 
Areas  W15X20000,  F32.322.203,  and  WF41.421. 201;  and  Work  Units  1660-234 
and  1660-235. 

The  figures  are  in  the  format  of  Payne,  Incorporated. 

INTRODUCTION 

Aerodynamic  drag  is  one  of  the  major  factors  to  be  considered  when 
attempting  to  predict  airborne  vehicle  performance.  Although  there  are 
sources  of  aerodynamic  drag,  such  as  wings,  fuselage,  nose,  and  tails,  the 
afterbody  drag  of  the  fuselage  is  usually  the  most  difficult  to  evaluate. 
Inasmuch  as  some  vehicles  develop  30  percent  of  their  zero-lift  drag  from 
the  afterbody,  an  accurate  method  for  predicting  the  magnitude  of  this  drag 
is  needed. 

Afterbodies  as  a  rule  are  tapered,  or  boat tailed,  in  some  manner. 

These  afterbodies  suffer  from  skin  friction  drag,  base  drag,  and  pressure 
drag.  As  air  flows  over  the  junction  of  the  forebody  and  the  boattall,  a 
low  pressure  peak  is  developed.  As  the  flow  continues  downstream  the 
pressure  rises,  depending  upon  the  boattall  length  and  curvature.  In  some 
cases  the  pressure  can  exceed  that  of  the  free  stream.  For  most  practical 
shapes,  however,  the  pressure  distribution  over  the  boattall  results  in  a 
pressure  drag.  Even  though  the  tapered  afterbody  develops  a  pressure  drag. 
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its  overall  effect  is  less  total  afterbody  drag.  This  is  because  the  taper 
both  reduces  the  base  area  and  increases  the  pressure  on  the  aft-facing 
base  such  that  the  base  drag  is  appreciably  reduced. 

The  results  of  the  afterbody  drag  stui'y  performed  at  DTNSRDC  are 
presented  in  four  volumes: 

Volume  1  -  Drag  of  Conical  and  Circular  Arc  Afterbodies  without  Jet 
Flow 

Volume  2  -  Jet  Interference  Effects  on  Subsonic  Boattail  Drag 

Volume  3  -  Literature  Survey 

Volume  4  -  Data  and  Analysis 

The  objective  of  the  phase  of  the  study  presented  in  Volume  1  is  to 
establish  a  data  base  of  afterbody  drag  charts  based  on  data  from  the 
numerous  references  (608)  listed  in  Volume  3. 

STATE  OF  THE  ART 

A  survey  of  the  afterbody  drag  literature  disclosed  that  the  vast 
majority  of  available  reports  on  experiments  related  to  the  subject  were 
quite  specialized,  treating  nonbasic  specific  configurations,  and  were  not 
suitable  for  establishing  a  broad  basis  from  which  the  effects  of  the 
various  geometrical,  physical,  and  environmental  parameters  could  be 
systemmatically  investigated.  Only  a  small  number  of  reports  were  suitable 
for  this  purpose.  The  widest  range  of  useful  reports  were  for  conical 
afterbodies  in  the  subsonic  and  transonic  range;  however,  a  number  of 
reports  on  systematic  investigations  of  noncouical  afterbodies  (such  as 
circular  arc)  were  also  useful. 

The  surveyed  reports  are  in  three  groups:  (1)  experimental  data, 

(2)  empirical  and  semlempirical  methods  of  correlation,  and  (3)  theoretical 
models  of  the  flow.  Only  a  small  number  of  reports  in  the  first  group  were 
suitable  for  the  correlation  of  boattail  drag  and  base  pressure  coefficients 
as  a  function  of  the  geometric  parameters  of  the  boattail.  Those  reports 
most  valuable  were  References  1  through  10.*  In  the  second  group,  four 
different  approaches  were  considered.  These  approaches  were  proposed  in 
References  11,  12  and  13,  14  and  13,  and  16. 


*A  complete  listing  of  references  is  given  on  page  51. 
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11 

McDonald  and  Hughes  proposed  a  method  for  a  correlative  prediction 
of  boattail  and  base  drag  of  parabolic,  circular  arc,  and  conical  after¬ 
bodies  including  the  effect  of  jet  flow  on  the  drag  characteristics  of  the 
three  types  of  afterbodies.  However,  the  method  does  not  consider  variation 
of  the  drag  characteristics  with  Mach  number.  The  variation  with  Mach 
number,  even  in  the  subsonic  range  from  Mach  number  0.6  to  0.9,  can  be 
considerable.  There  are  also  other  restrictions  in  the  use  of  the  method. 
McDonald  and  Hughes^  base  their  correlation  method  on  the  finding  that 
there  is  a  unique  relationship  between  the  base  pressure  and  the  boattail 
drag,  and  that  this  relationship  is  essentially  linear  over  the  greater 

part  of  the  base  pressure  range.  This  finding  appears  to  be  confirmed  by 

8  11 

Kurn.  Furthermore,  McDonald  and  Hughes  found  that  if  the  three  afterbody 
shapes  have  Identical  afterbody  angles  8  at  the  base  and  Identical  base 
diameter  ratios  d^/d^,  the  boattail  drag  coefficients  are  approximately  the 
same,  and  the  base  pressure  coefficients  are  approximately  the  same  for  the 
circular  arc  and  the  parabola. 

According  to  the  present  investigation,  the  McDonald  and  Hughes^-1 
finding  in  regard  to  the  boattail  drag  appears  to  be  confirmed  in  the  Mach 
number  range  from  0.6  to  0.8,  considering  the  uncertainties  of  the  data. 
However,  for  Mach  numbers  of  0.9  and  higher,  the  boattail  drag  curves  for 
conical  and  circular  arc  afterbodies  in  the  present  Investigation  appear  to 

be  quite  different. 

12 

Bergman  presents  a  qualitative  and  quantitative  analysis  of  the 
effect  of  r  izzle  geometry  and  some  physical  parameters  on  the  boattail 
drag.  However,  base  drag  and  the  effect  of  Mach  number  are  not  considered. 

g 

A  subsequently  proposed  method  by  Kurn  also  does  not  consider  base  drag 
and  is  suggested  only  for  Mach  numbers  less  than  0.9.  The  latter  approach 
corrects  a  "basic  drag,"  which  is  a  boattail  drag  with  a  cylindrical  sting, 
for  the  jet  effects  of  the  actual  plume  shape  and  the  entrainment.  The 
advantage  of  this  approach  is  that  if  the  basic  drag  of  the  boattail  with 
a  cylindrical  sting  can  be  evaluated  with  sufficient  accuracy  on  a  para¬ 
metric  basis,  the  corrections  for  the  plume  shape  and  entrainment  effects 
may  i  significantly  smaller  than  in  the  no-sting  case.  The  method  is 
applicable  in  the  jet-on  case  for  afterbodies  with  no  base  area. 


The  method  of  Swavely  and  Soileau^  uses  a  parameter  IMS  (Integral 
Mean  Slope)  which  Is  obtained  by  Integrating  an  area  ratio  equation: 


1.0 


(A./A  ) 
IMS  -  — 1— 2_ 


/d  (A/ A  ) 

TlxTd^T  d  <A/V 


1  -  (A, /A) 
J  ® 


where 


Thus,  the  parameter  IMS  is  obtained  from  the  boattail  and  nozzle  geometry 
as  a  function  of  the  area  ratios  and  the  axial  coordinate  from  the  maximum 
cross-sectional  area  point  aft.  The  method  was  designed  for  arbitrary  and 
complex  afterbody  shapes  including  twin  jets.  However,  as  shown  by 
Brazier  and  Ball,1^  the  method  failed  for  configurations  whose  area  plots 
involved  regions  of  steep  slopes  aft  of  the  point  where  separation  occurs. 
To  correct  this  problem,  an  IMST  (Integral  Mean  Slope-Truncated)  approach 
was  introduced.  This  approach  is  based  on  specifying  a  maximum  slope  of 
the  nondimenslonal  area  distribution  which  can  be  used  in  the  IMS  calcula¬ 
tion.  The  specified  maximum  slope  is  substituted  for  the  real  slope  at 
each  step  of  the  IMS  calculation  for  which  the  real  slope  exceeds  the  maxi¬ 
mum.  Even  with  this  improvement.  Brazier  and  Ball'1'  urge  extreme  caution 
in  predicting  nozzle  and  afterbody  drag  from  data  obtained  with  a 
"representative"  forebody  to  a  forebody  of  arbitrary  shape  and  length;  see 
Effect  of  Reynolds  Number,  page  11.  The  method  apparently  is  applicable  to 
subsonic  flight  and  is  limited  to  configurations  with  negligible  annular 
base  area. 

The  prediction  method  of  Presz  and  Pitkin, ^  which  is  applicable  to 
the  subsonic  case,  requires  extensive  computations.  The  method  predicts 
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chc  flow  separation  point  and  pressure  distribution  on  a  boattall  with  a 
given  solid  surface  sting  in  subsonic  flow.  After  determination  of  the 
flow  separation  point,  an  iterative  method  is  used  to  match  a  calculated 
inviscid  flow  field,  an  attached  boundary  layer,  a  control  v  ume  separation 
point,  and  the  separated  flow  field  model.  The  pressure  dls  mtlon 
obtained  then  may  be  integrated  to  give  the  boattall  pressure  drag 
coefficient.  The  method  does  not  consider  base  drag  and  effects  of  jet 
plume  shape  and  entrainment. 

The  four  methods  presented  are  considered  to  be  representative  of  the 
approaches  proposed  for  the  solution  of  the  afterbody  drag  prediction 
problem  in  the  subsonic  and  transonic  range.  The  methods,  as  reported  in 
the  references,  show  correlations  for  some  specific  conditions,  boattall 
configurations,  and  Mach  numbers.  The  prediction  reliability  for  other 
conditions,  configurations,  and  Mach  numbers  haB  not  been  estimated. 

With  respect  to  supersonic  afterbody  drag,  theory  is  of  greater 
applicability  bt  ause  supersonic  flow  is  easier  to  treat  mathematically. 
Consequently,  a  number  of  mathematical  treatments  of  afterbody  drag  in 
supersonic  flow  are  available.  Although  the  supersonic  case  beyond  M  ■  1.3 

17 

was  not  considered  in  this  investigation,  the  work  of  Chapman,  with 

respect  to  base  pressure,  i.3  fundamental.  A  correlation  based  on  the 

Chapman  method  for  a  variety  of  configurations  and  local  Mach  numbers  is 
18 

discussed  by  Love.  The  base  pressure  is  also  useful  in  determining  the 

boattall  drag  coefficient  in  the  supersonic  case.  A  substantial  amount  of 

material  is  available  to  allow  a  systematic  treatment  of  boattall  and  base 
19-22 

drag.  An  evaluation  of  the  methods  presented  in  References  19  through 

23 

22  has  been  made  by  King. 

DISCUSSION 

AFTERBODY  GEOMETRY 

A  conical  boattall  is  completely  defined  by  the  boattall  angle  0  and 
the  diameter  ratio  d^/d^ : 
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Conical 


A  nonconlcal  afterbody  may  involve  any  kind  of  curvature  of  the 

boattail.  The  number  of  parameters  defining  these  boattails  is  generally 

larger  than  two,  unless  the  forebody  is  tangent  to  a  circular  arc  afterbody. 

11  24 

McDonald  and  Hughes  and  Reid  and  Hastings  indicate  that  the  most 
important  parameter  besides  the  diameter  ratio  is  the  boattail  angle  at  the 
base  -  3. 


Circular  Arc 


The  relationship  among  the  parameters  3,  d, /d  ,  and  5,/d  is  shown  in 

Dm  m 

Figure  1.  for  conical  afterbodies  and  in  Figure  2  for  the  circular  arc 
afterbodies. 


DRAG  OF  CONICAL  AFTERBODIES 
Boattail  Drag 

Experimental  data  used  for  correlation  of  conical  boattail  drag  shown 
in  Figure  3  were  taken  from  References  1  and  2.  Data  from  other  sources 
were  also  considered,  but  are  not  included  in  this  correlation.  The  no-je:. 
flow  experimental  data  of  Cubbage^  displayed  a  very  systematic,  consistent, 
and  reasonable  behavior  with  very  few  exceptions.  Furthermore,  the  data 

2 

were  in  good  agreement  with  the  experimental  data  of  Silhan  and  Cubbage, 
which  was  independently  considered  by  other  investigators  to  contain  very 
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reliable  data.  Values  of  boactail  drag  coefficients  from  other  sources 
generally  tended  to  be  higher  than  those  from  References  1  and  2  and 
introduced  only  a  scatter  of  the  data  points.  The  experiments  reported  in 
References  1  and  2  were  performed  at  Mach  numbers  from  0.6  to  1.28  (1.3), 
and  with  conical  afterbodies  having  boattall  angles  $  -  3.0,  5.6,  8.0,  16.0, 
30.0,  and  45.0  deg.  The  diameter  ratio  d^/d^  of  the  experimental  models 
was  0,  0.55,  0.7,  and  0.85.  The  afterbodies  of  Reference  1  had  annular 
base  areas  with  d^/d^  B  0.65  and  0.75.  Data  taken  from  Reference  2  were 
for  open  base  areas. 

Figure  3  shows  the  boattall  pressure  drag  coefficient  Cp„  as  a 

2  ^ 

function  of  8  and  (d^/dffi)  .  The  particular  form  of  presentation  was  chosen 

because  of  ease  of  interpolation  during  use  of  the  graphs.  The  graphs  were 

obtained  by  cross  plotting  for  each  Mach  number  graphs  of  the  type  shown 

in  Figure  4.  The  data  points  in  Figure  4  were  obtained  from  Reference  1 

(jet-off  case)  and  from  Reference  2,  which  had  a  model  with  a  solid  flat 

base  and  no  nozzle  provisions.  Only  values  of  8  up  to  16  deg  were  used. 

There  is  a  noticeable  change  in  the  character  of  the  constant  8  curves 

in  Figure  3  as  well  as  the  Cp^  values  themselves  between  Mach  numbers  0.6 

and  0.9.  The  trend  continues  in  the  supersonic  range,  although  after 

M  “  1.1,  the  relative  values  of  the  Cp^  are  decreasing  as  would  be  expected. 

The  change  of  Cp^  values  between  Mach  numbers  0.6  and  0.9  is  particularly 

significant  for  the  lower  (d.  /d  ratios  and  8  >  8  deg.  Note  that  in  the 

d  in  2 

supersonic  case,  the  Cp0  values  coutinue  to  increase  as  the  (d,  /d  )  ratio 

p  d  m 

approaches  zero.  This  is  in  contrast  with  the  circular  arc  afterbodies,  in 

which  case  the  boattall  pressure  coefficient  Cn„  reaches  maximum  values 

2  ^ 
somewhere  between  0  <  (d,  /d  )  <  1,0. 

o  m 


Base  Drag 

Figure  5  presents  the  base  pressure  coefficient  Cp^  as  a  function  of 

8  and  (d,/d  at  the  same  Mach  numbers  from  0.6  to  1.3.  Data  in  Figure  5 
d  m 

were  taken  from  References  1  and  3.  There  ras  generally  a  systematic, 
consistent,  and  reasonable  agreement  between  the  data  from  the  two  refer¬ 
ences  with  a  small  number  of  exceptions.  Data  from  Reference  3  were  taken 
for  the  open  base  configuration.  The  average  difference  in  base  drag 
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coefficient  between  an  open  base  and  a  flat  base  conical  afterbody  is  about 
0.01,  according  to  the  experiments  of  Reference  3,  with  the  flat  base  giving 
a  higher  base  drag  coefficient.  According  to  Cubbage  and  Andrews^  and 

g 

Kura,  the  variation  of  base  pressure  over  the  drag-producing  base  area  in 
a  radial  direction  is  fairly  insensitive  for  the  jet-off  case,  although 
some  variation  usually  does  occur  in  the  jet-on  case.  The  base  drag  coeffi¬ 
cients  in  Reference  1  were  computed-  using  pressure  measurements  at  the  base 
annulus  only,  while  the  same  coefficients  in  Reference  3  were  computed  from 
pressure  measurements  at  the  open  base. 

The  graphs  in  Figure  5  were  obtained  by  the  following  method.  When 

2 

the  base  pressure  coefficient  Cn.  was  plotted  against  (d,  /d  )  for  constant 

rD  D  m 

values  of  3,  it  was  noted  that  the  resulting  behavior  of  the  constant  3 

points  was  very  regular  and  consistent  at  all  Mach  numbers.  In  fact, 

2 

whenever  three  points  for  the  3  were  available  at  different  (d,  /d  )  ratios, 

2  bn 

the  trend  of  the  Cn,  curves  as  a  function  of  (d, /d  )  was  generally  linear. 

*  d  2  b  m 

Consequently,  it  was  assumed  that  for  (d^/d^  n)  >  o.i,  cPb  is  essentially  a 

linear  function  of  (d,/d  )^.  In  the  vicinity  of  (d,  /d  )2  »  1.0  it  was 

b  m  bm 

assumed  that  the  Cpb  converges  to  the  value  of  Cpb  for  a  cylindrical  after¬ 
body.  The  basic  pattern  occurred  consistently  at  all  Mach  numbers  from 
0.6  to  1.3  for  data  from  References  1  and  3.  Moreover,  data  from  Reference 
1  was  for  an  annular  base  with  d^ /d^  -  1.  Data  from  Reference  2  and 
Reference  1  at  d^/d^  -  0.65  did  not  generally  follow  this  consistent  pattern 
and  were  not  used  for  establishing  the  correlation;  however,  data  from 
Reference  1  for  d^/d^  -  0.65  are  shown  in  Figure  6  at  some  angles  of  3, 
e. g.,  3  *  5.6  and  16  deg.  Note  that  with  respect  to  the  boattail  drag 
coefficient,  the  agreement  between  References  1  and  2  was  generally  very 
good,  being  consistent  at  all  Mach  numbers  of  the  experiments. 

The  base  pressure  coefficients  for  a  cylinder  were  chosen  from 
the  available  published  data  at  the  respective  Mach  numbers  to  correlate 
with  the  experimental  data  used  in  the  present  Investigation.  These  data 
and  the  Cp,  values  for  a  cylindrical  afterbody  used  in  the  present 

2 

correlation  are  shown  in  Figure  7.  Because  the  mean  value  of  the  (d,  /d  ) 

b  m 

ratios  used  in  the  correlation  was  in  the  vicinity  of  0.6,  which  also 

2 

represents  a  significant  point  in  practical  applications,  (d,  /d  )  ■  0.6 

b  m 

was  choBen  as  a  reference  point  in  the  graphs  of  the  type  shown  in 
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2 

Figure  6.  The  slope  3 <Cpb> / 3 (d^/d^)  and  the  Cpb  values  from  the  dashed 

lines  at  (d. /d  )2  -  0.6  were  plotted  versus  3  as  shown  in  Figure  7,  and  the 
D  m 

Cpb  and  the  slope  curves  were  fitted  through  the  data  points.  The  resulting 
slopes  and  Cpb  values  were  superimposed  on  Figure  6  from  which  Figure  5  was 
obtained  by  cross-plotting  C?b  as  a  function  of  3  for  constant  (d^/d^) 
values.  The  general  character  of  the  correlation  shown  in  Figure  6  was 
typical  for  all  Mach  numbers. 

DRAG  OF  CIRCULAR  ARC  AFTERBODIES 
Boat tall  Drag 

Experimental  data  for  the  correlation  of  circular  arc  boattail  drag 
were  taken  from  References  2,  8,  9,  and  10.  Reference  2  provides  systematic 
experimental  data  for  circular  arc  afterbodies  as  well  as  conical  after¬ 
bodies.  As  mentioned,  the  conical  afterbody  experimental  data  of  Reference 
1  showed  an  exceptionally  good  agreement  with  the  corresponding  data  from 
Reference  2.  It  would  be  reasonable  to  expect  the  same  reliability  with 

respect  to  the  circular  arc  experimental  data  of  Reference  2,  particularly 

25 

in  view  of  the  evaluation  by  others  of  the  reliability  of  the  data 
contained  in  Reference  2.  Moreover,  there  is  also  a  reasonably  good  agree¬ 
ment  of  the  circular  arc  boattail  drag  between  Reference  2  and  References 
8,  9,  and  10.  In  comparable  cases,  there  was  also  quite  good  agreement 
with  the  data  from  unpublished  DTNSRDC  experiments.  Experiments  reported 
in  Reference  2  were  performed  at  Mach  numbers  from  0.6  to  1.3  for  solid 
flat  base  circular  arc  boattails  with  boattail  angles  8=*  0,  3,  5.6,  8,  16, 

and  45  deg  and  d,/d  ratios  of  0,  0.55,  0.7,  and  0.85.  Experiments  reported 
am 

in  Referen  e  10  had  circular  arc  boattails  with  boattail  angles  of  15.8, 
27.5,  and  34  deg  and  substantially  open  base  areas.  In  addition,  test 
results  of  a  circular  arc  reference  nozzle  with  a  boattail  angle  of  21.57 
deg  were  also  included.  Experiments  reported  in  Reference  9  had  circular 
arc  boattails  with  8  ■  8.3,  11,  14.8,  16.5,  and  22.1  deg.  Experiments 
reported  in  Reference  8  were  performed  with  a  tangent  ogive  and  progres¬ 
sively  truncated  versions  of  it  with  boattail  angles  of  4.4,  9.6,  14.6,  and 
17.1  deg. 
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Figure  8  shows  the  boattall  pressure  drag  coefficient  Cp„  as  a  function 

2  ^ 

of  8  and  (d^/d^)  .  The  typical  graph  shown  In  Figure  9  was  obtained  by 

fairing  curves  through  Cp^  values  for  constant  d^/d^  ratios  using  data  from 
References  2,  8,  9,  and  10.  Figure  8;  was  then  obtained  by  cross-plotting 
Cp^  values  for  constant  boattall  angles  8  from  Figure  9.  Thus,  for  each 
8  curve  in  Figure  8,  five  points  (at  five  d^/d^  values)  were  available. 
Additional  experimental  data  for  d^'/d^  values  other  than  0,  0.55,  0.7,  and 
0.85  were  used  to  check  the  correlation. 

A  major  characteristic  of  Figure  9  Is  the  steep  drag  rise  at  about 
8-deg  boattall  angle.  This  steep  drag  rise  for  the  d^/d^  »  0.85  case, 
which  is  particularly  distinctive  for  M  »  1.0  and  1.1  shown  in  Figures  8(d) 
and  8(e),  accounts  for  the  characteristic  increase  of  Cpp  at  8  *  8  deg  and 
djj/dm  »  0.85  shown  in  Figure  9.  Because  this  characteristic  occurred 
consistently  at  all  Mach  numbers  from  0.3  to  1.3,  it  could  not  be  regarded 
as  an  experimental  error. 

In  comparing  the  Cp^  curves  for  circular  arc  afterbodies  with  the  Cp^ 

curves  for  conical  afterbodies,  the  i^in  difference  is  in  the  character  of 

2 

the  boattall  pressure  drag  for  (d,  /d  )  ratios  of  less  than  about  0.3  to 

o  m 

0.5.  While  In  the  supersonic  case,  the  Cp^  values  for  the  conical  boat tails 
continue  to  rise  at  these  d^/d^  ration,  the  corresponding  Cp^  values  for 
the  circular  arc  boattalls  exhibit  a  clear  tendency  to  decrease  with 
decreasing  d^/d^  ratios. 

For  (d^/dm)^  ratios  approaching  1.0,  the  boundary  of  the  maximum  Cp^ 
values  is  approximately  the  same  for  both  the  conical  and  circular  arc 
boattalls  at  the  higher  Mach  numbers  investigated.  With  increasing  boattall 
angles  and  decreasing  d^/d^  ratios,  however,  the  circular  arc  boattall  is 
definitely  more  advantageous. 

Base  Drag 

Figure  10  presents  the  base  pressure  coefficient  Cp^  as  a  function  of 
8  and  (db/dm)^  at  Mach  numbers  from  0.6  to  1.3.  Data  in  Figure  10  were 
taken  from  References  2,  8,  9,  and  10.  The  experimental  models  of 
References  2  and  8  had  solid  flat  bases.  The  models  of  References  9  and 
10  had  open  bases  with  very  small  annular  base  areas. 
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The  graphs  In  Figure  10  were  obtained  by  a  similar  method  used  to 
obtain  the  base  pres,  res  for  the  conical  afterbody.  However,  some  of  the 
slopes  of  the  base  pressure  coefficient  Cp^  as  a  function  of  boattall  angle 
3  could  not  be  obtained  directly  for  lack  of  suitable  data.  Consequently, 
some  of  the  data  points  shown  in  Figure  12  do  not  represent  actual  experi¬ 
mental  values  but  are  extrapolations  of  available  data.  The  data  points 
and  the  correlation  curves  for  a  typical  case  are  shown  in  Figure  11.  As 

in  the  conical  case,  it  was  assumed  that  within  the  larger  part  of  the. 

2 

(d^/d^)  range,  the  base  pressure  coefficient  Cp^  is  essentially  a  linear 
function  of  (d^/d^^.  This  assumption  appears  to  be  justified  on  the  basis 
of  available  data.  The  correlation  shown  in  Figures  11  and  12  is  typical 
for  all  investigated  Mach  numbers. 

One  notable  difference  betveen  the  graphs  of  Figure  10  for  the  circular 
arc  afterbodies  and  the  graphs  of  Figure  5  for  the  conical  afterbodies  is 
that  the  sensitivity  of  the  base  pressure  coefficient  Cp^  with  3  in  the 
lower  3  range  is  much  more  pronounced  in  the  circular  arc  case.  This  may 
partly  explain  the  increased  scatter  of  experimental  data  for  the  circular 
arc  afterbodies  in  the  lower  3  range.  The  base  pressure  apparently  may 
experience  large  variations  with  relatively  small  variations  in  model 
geometry. 

Another  characteristic  of  the  base  pressure  coefficient  for  circular 
arc  afterbodies  is  the  apparent  movement  of  the  optimum  boattall  angle  3 
from  the  vicinity  of  24  deg  at  Mach  number  0.6  to  the  vicinity  of  16  deg 
for  the  supersonic  case. 

CIRCULAR  ARC-CONICAL  AFTERBODY  COMBINATIONS 

The  effect  of  rounding  off  the  corner  at  the  cone-cylinder  juncture 
of  a  basic  conical  boattall  is  generally  beneficial,  particularly  if  the 
round-off  radius  is  larger  than  2dffi.  This  effect  for  a  15-deg  conical 
boattall  is  reported  in  Reference  26. 

In  using  Reference  26,  it  must  be  considered  that  the  experiments 
have  been  performed  and  reported  for  sting-supported  wind  tunnel  models. 

The  effect  of  the  sting  may  be  evaluated  from  the  Information  contained  in 
Reference  7. 
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!  EFFECT  OF  REYNOLDS  NUMBER 

The  results  of  this  investigation  have  been  presented  under  the 
assumption  that  the  effect  of  Reynolds  number  may  be  Ignored.  This  may  be 
justified  for  preliminary  design  purposes  In  view  of  the  present,  knowledge 
of  this  subject.  The  following  discussion  of  the  effect  of  Reynolds  number 
pertains  only  to  turbulent  boundary  layers  within  the  subsonic  and  transonic 
Mach  number  range. 

There  appears  to  be  some  inconsistency  in  the  published  reports 
regarding  the  evaluation  of  the  effects  of  Reynolds  number  cn  afterbody 
drag  characteristics.  Reference  27  presents  datt>  which  show  an  extremely 
large  dependency  of  boattall  drag  on  Reynolds  number.  Conversely, 

Reference  28  shows  that  for  practical  purposes  there  is  no  effect  of 
Reynolds  number  on  the  boattall  drag  of  afterbodies.  However,  there  exist 
significant  differences  between  the  conditions  of  the  experiments  reported 
in  the  two  references.  These  differences  may  be  reviewed  in  the  light  of 
the  information  and  discussions  contained  in  References  29  and  30.  The 
results  reported  in  Reference  27  were  obtained  from  wind  tunnel  and  flight 
tests.  The  afterbodies  were  tested  as  part  of  an  aircraft  configuration 
in  a  very  complex  flow  field.  Furthermore,  most  of  the  flight  data  were 
taken  while  in  coordinated  turns  under  an  angle  of  attack  and  with  load 
factors  up  to  2.5  g's. 

Conversely,  the  results  reported  in  Reference  28  were  obtained  only 
from  wind  tunnel  experiments  with  sting-mounted,  cone-cyllnder-afterbody 
models.  Models  of  similar  configurations  were  also  tested  in  the  experi¬ 
ments  reported  in  Reference  29.  Although  the  three  models  tested  in  the 
experiment  reported  in  Reference  29  showed  some  effect  of  Reynolds  number, 
the  effect  on  all  the  models  was  not  consistent  and,  in  any  case,  did  not 
show  the  extreme  drag  variation  with  Reynolds  number  reported  in  Reference 
27.  Perhaps  the  most  important  conclusion  of  the  report  is  that  the 
absolute  level  of  afterbody  pressure  drag  can  vary  due  to  experimental 
factors  such  as  tunnel  characteristics  and  model  installation.  The  same 
conclusion  can  be  applied  to  flight  tests.  Also,  changing  the  Reynolds 
number  may  alter  the  tunnel  characteristics  and,  therefore,  it  nay  become 
difficult  to  isolate  the  two  effects. 
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Reference  30  shows  that  the  forebody  configuration  strongly  Influences 
the  drag  characteristics  of  the  afterbody  and  vice  versa.  The  report  also 
concludes  that  the  same  afterbody  tested  as  an  Isolated  halfbody  either  in 
different  wind  tunnels  or  in  the  same  tunnel  with  a  different  blockage  will 
give  very  different  afterbody  drag  values. 

Conclusions  based  on  the  totality  of  the  four  reports  are: 

1.  The  effect,  if  any,  of  Reynolds  number  on  afterbody  drag  for 
preliminary  design  purposes  cannot  be  determined  with  any  reliability. 

2,  The  effect  of  Reynolds  number  on  a  specific  configuration  which 
includes  afterbody  must  be  determined  for  that  particular  configuration 
as  a  whole  and  not  as  a  sum  of  the  effects  on  the  separate  parts  of  the 
configuration. 

SUMMARY 

For  smaller  boattail  angles  $  the  boattail  drag  coefficient  is  rela¬ 
tively  invariant  with  Mach  numbers  up  to  0.9.  At  M  *  1,  an  increase  of  the 
value  of  Cd^  plots  shew  a  marked  regularity  for  Mach  numbers  below  0.9  and 
above  1.0,  while  the  plots  for  M  *  0.9  and  1.0  reflect  the  changes 
occurring  in  the  flow  regime  in  this  transonic  range. 

2 

At  subsonic  speeds,  Cp-  is  decreasing  with  decreasing  (d  /d  )  ratio 

p  2  ^  ® 

from  a  maximum  at  about  (d^/d^)  ■  0.5,  suggesting  a  pressure  recovery  on 

the  boattail.  However,  at  supersonic  speeds,  such  pressure  recovery 

apparently  does  not  occur. 

The  effect  of  boattailing  on  the  base  pressure  is  very  apparent. 

At  M  =  0.6,  Cpk  is  continuously  increasing  with  increasing  3  and  with 

decreasing  (d^/d^)^.  However,  already  at  M  ■  0.8,  a  marked  change  in  the 

behavior  of  the  base  pressure  starts  to  occur  at  6  above  approximately 

10  deg.  This  behavior  of  the  base  pressure  coefficient  continues  throughout 

the  investigated  range  of  Mach  numbers  above  0.6.  Also,  the  effect  of  the 
2 

(db/dffi)  in  this  transonic  range  becomes  very  noticeable,  particularly  at 
M  ■  1.0  and  1.1.  The  large  positive  base  pressure  coefficient  is  quite 
pronounced  for  boattail  angles  of  around  12  deg.  However,  above  M  ■  1.0, 
the  area  of  positive  pressure  coefficient  is  shrinking  quite  noticeably 
with  increasing  Mach  number. 


The  correlation  in  this  investigation  has  been  obtained  assuming  a 
turbulent  boundary  layer  and  a  negligible  effect,  of  Reynolds  number.  This 
assumption  appears  to  be  justified  in  view  of  recent  experiments.^ 
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MBiiaaBBBkii  jaaBiiaiiBBiiBaaBB.-aaaiBa'fliflBaBiiaBaM'flaaaaiiaaaaBB  kaaaaaa  laaPaaa  i  aaaaa  aaaaa  aaaaaaaaaal 
B  a  a  a  a» -•  a  a  a  ■  i  a  a  aaa  i  a  ■  b  aaa a  aaa  a  a.  a  a  a  a  a  a  i;  i  aa  aa  a  w  a  a  a  a  a  a  .ia  a  a  a  aa  k  a  aa  a  a  B 'aagMaMagaaaaMaaMaAaAaaaMAagMa 


PI — Ml - HI - HI -  . — MM — MMMHMMHHHMI — ~  JHFaaaaBiflaBBBB  'aaaaa.  kiBaaaaBBiaaaaaaaaal 

KaBiaaaaa»:  laaaiia'  iik.'aiaaaiiiflib'BaBakiiBBak iaaaa ii'aaaBfl.'BBMa^aaiiaai  aaaaa»aaaaakaaaaBaaaaaaafiaaafiBl 
iflBia.«aia  it.-iaai>-  jiflB»-'BaBBiiaaBBiiaBaa.'ikaak.-aaMBiaaaaB.'aaaa|.'BBaaa  'aaaaai'aaaaa  iBaaaaaaaaaBBaaBaa| 

. . . iaaaa.1  laMBiaaBa i kaasBk lanat  BBBaBBflaaaaaaaaaaH 

k  BBBBB  BBBI  .'IBaBBiHBfli'<aBaB«.iBBBk',aaaabl||BB.-BBBBkiflBBBhlBBBB.'Ba|akiaBBakMBBak  BBaBB  kBaikal  BgiaaiaBaa  ■ 

Bk.-’BBaaBB  iBi.iaaii  kkBaBiiMBBiiflaahiBMB.'BBBBkiafla*  ’ bbbb b^bbb B.'BaaaB bbb aai'aaaaa  'aaaaraaaaaa aaaaaaaaaal 
kaak  -iBanaaiaiM  {aBiiaaBiiBaai;iBaiikaBlkiBaBb.'aBaiwiaBab.'BBlB.'aBBBkliaaa  kaflaaa k bbbb BBflBaaaaBH flflaai | 


BB'ia>'BiiiaK'aaikB>  ,.-iiakk*ii'iii,'ikk>  *■£-  laaiiiikiaaBi'ilBk  aaak  bbbb  i flBB<'Baa. <bb aaaaa BBaaa I 
aaiBaabii|iaaab.'"Bi  iBBk;akah'<BBk'iBb.*aa»-'iabiaBk<'aBk'BBBi«BBi  aaai  «aai  bbbb  kail  bb  aaflaaaaflaa| 


flp« 

Bin 


Bk  'l  IIBIv.-' 


IB  BBkilak, 


iBaaiaai.i.'iBBk.- 


•fli'lki  IBl'Bk.' 
BilBliBkilBikB 

■ii.'ki.  -aa.-ik.' 


iakiBB>aa 


aaai aaa  laaaaaaaaaaal 

_ _ _ 'aafl  kaai  a  aaaaaaaaaa  ■ 

aii  aaa  iBBkiHkBaa  laaaaaaaaail 
—  ‘Bikiik  bib.'ibi  aaaaaaaaaal 
BBflflaa.'aafltBBiaaaaaaaaal 
—  —  — - ikBBkBBa^aai'aa.taaaaaaaaal 

Ik'Bkilk  'Bk  'Bk'Bk  'Bl.'IBklBk  Iflk  BBk  BB%  flfl  t  BBBB  BBaBB  ■ 

laflaiiak'ii'anai  laikB.'aa.  iBkiii  ai.'aB.'aak  ia  kBaaaaaafll 

Bk  Ikb'ailB.'kk  'bBXBk  kBBBBkBkl 

.'ii.'Bi,'  ak  Bk  lakiai  aaaaaaaaaal 
_  _ _  _  BkM.  Ba.'ikBBiflk  aa  'Bi<aaaaaai| 

iaaiii»k-'iak.'BBBk'ii<ik',h.-iikk'B.'Bkiak'BkBk«k.kiiiktaaBaBB| 


<BBki  'BBkk  'lk.'lk'11'k.  lk.-lk 
vB..'aaia.'«BBb.-ak.'at.iBiik?lki 


aaaaaaaaaaaaaaaa 


BBBBB, 


••B.-'B  'I 


■aaaaaaaaaaa 


aaaaaaai aaaaaa 


■aak.'iBkMti'k 

- HBBBk 'IBk'Bk 

-BBIBBBkrib; 
-Btiaaiaiik i  . 

|BBBaBB|laaiBi‘l*BBIIk 


iiiikiaaai 

.iak'B.«aaai_- 

i.  Bkiiik Bk  bbii  Baaaaa 
.  ikikikB.-B.'akiimiai 

‘kikiklii.'i - - 

M.k.'lkki 


_  bk  aaaail 
kkikkiaaaal 

.-k%^k  a  k.<aaai| 

«Bkl  ’■ 


aaaaaiiaaai 


■KMaBaalHB 

aaaaa •aaaiaaaBBi 
aaaaa ibbbbbbbbi 


IHI<aiBBBaBaaaBMiaaBaBBBaBBiViaBBaiikBaBaBBaBiiaBiBBilPBBBBBBa;iaBgBBaaai«BBBBarth.'«i  W 
ijaBaBBaaaaaaiaaBai  ■■aaaaaBBBiaaBBaaaaaaaaaBaaaai  aaaaaaaaaa  aaaaaaaaaa  •iaaBaaBaaaaaaaaBBB».'-"h''^''a  * 
aaaaaaaaaaaaaaaaBiiBaaBBaaaaiBaBaaiBiaiaaaaaaiaa;BaaaaaaaBaaaaaaaaaaaBaaaaBaaaaaBaaaaaaaaak7^|M 
aaaaaaai  ■aBBaaBaBiiaaBBBBaaaia&aaBSaaaaaaaaaaaBi  ■■  ■  aii  aaa*  ••■BaaaBBaaaBaBaaaaiBaaiaaaaaaaniJ 

■  ■■iBBBikkBainiBiiMaaBBBiiiBBBBBkBBMMBBBaBaMBBBBaaBaiaBiaiiBBaaiaiBaBBBkkBBaiaBBBBl 


,e?a  Geome 


in  degrees 


IiiiMiiiiiiMliiiliii . . 

aataaaaa ■■■■■■■■■■•«  ■•■■■■■■■■■■■■■■■■■■ 

laaiaiaaaaf •■•■•••••  aaaaaaaaaa  ailaiaaafa aaaaaaaaaa  ■■■■■■■■! 
■■■■a ■■■■■!■■■■ ■■•■■••■■■ •  ■■•■■■•■ 

■■•■■■■■■•  •■■■■■■■■( ■■■■■■■•■> . . 

■  Sail »■*■■■■  HiManaaiM  ■ 

*r*.-  ■  »- IP'ailMl  •l'«r*ni)i*i.  .■■■■■■■■■■■■ ■!■■■■■■■> 

■  I  •  <i  ■••■■•I  tl  #  »'  •••■■■II  •  >  >••(• - ■■■•■■■■■ ■■■■■■■■■• 

it  r.  «t  .  i  •■■■■a  it  .  v  •■■■■•  ■■•■■■■■■aaaaaaaiaaaaM 

mmnaMi  •■•■■■■■■■■  ■■■■■■■■■■  *■■■■■•■■■••■■■■■■■■■ 1 


_ 

. . 

•>■«•>■•■■«•  «■■■■■■■■■■» . .  . . I 

!■■■■■■■■■•■•  laMiniini  . . . 

^■■■■■■■••■i  >■■■■■■■■■■•  •■■■■»■■■»■■■■■  »iaaaaaaa»  ••■•••■■■■I 

.  . .  ■■■;niHi|la ■■■•••■•■■■■■ ■■aiaftaai ■immmhI 

as  laaaaaaaaaai •■•■•i •••■ ai  !■■■■■■■■■■■■■ *■■■■•■■■« ■•■■■■■■■• ■ 

mm.  as  ■■■■••■■«  •■■■*■  ■■■■■■■■•••■■>  ■■••••>»«■■*«■•••■  ■  ■ 

•••<•■■•>■•■••  •■«•■■■■■•■ ■■••■aaiaiaaai ■aaaaiBaaaaaaaaaaaaa m 
•  aa  . .  eianaaiisa  lasssaaaaaaaaasaBaaBaaaaaaaaaaaaaasi 

.  -  ^■■■•(t 2!X5^L*: 


. . . 

■  BBMlflBBBBIBHaaMI 

HllllllliaMllllfM 

liBaiaaaaaaaMBiaaa 

. . . 

. . . 

•  ■BBlMBIBIIMIIMII 

■  ■■■BlIBIaiBBMlMM 

•■■•■•■■■••■■••■■■■a 

■  ■  a  a  a  a  a  ■  a  a  a  a  ■  a«  a  a 
•■••■Bass* ■#■■«■■■■• 

•BBBBBBBBBBBBBBBaBBB 

•aaaa aaaaa •■■■■■•■■* 

'BBBBSBBBB ■■■■■■•■■■  i 

. . . 

■■■BBBBBSSaasaBaaaaB 

■■BliimuiBMIlll 

BMIIIBMIIMIBIIIII 


bb3*»  *■*«■*?»*«*  *■«*■  a  sbiss 

. .  aaiaiaaa  *aaa*Baaa  <bBsbbbbb  . . a . .  laaaai  ils  iiaafiB  aaaaaaaaaa  <aaaasaaia  aaaaaaaaaa  aaaaaaaaaa  ■■■■■■■■■■•■■■•■§•■• 

■  •  <ai  laaan’aaanxi  maiiaatiiaaMaatu  laaaaai  ••■•#••■)  aaaa  aaaa  laBflaaiaa  ibiihi  ■■■■■■•■■*  ■•itaaaan  . .  laiaaaa*iaaiaaiaaaaiaalaaaiaaa 

■  atv  <Miaiiifia(«fi,iaifiaaa.  aaaasaaa  •(■  ■■■•■■■  aaaaaaaaa iaai asan  aaaaaaaa.  laanaBianmia..  .....aa'  !■»■■■■  a.  ■■■■■■■•■■  ■■■■■■■•tfMMttMMttMtt 

aaaa  •■•■•■■.  aaaaasKa  -aaSBifiasaaasaaBBkN  laaiiBai  aliiaiaa  aaiioaa  aaaaaiMi  . .  laaiifwia  liaaiililiiaalllM 

•  aaa,  ■•••■■aa  ■•■aaana  aaaaaaaa.  aaaaaaaa  ■aaaaaaa  sa  «■■•■■•  . . .  . . ■■■■■••■■•■aaaaaa«aaiaMaaaaiaj 


•  ■>»  ■•••■■aa 


_ _ _ _ _ _ _ _ _ _ _ _ aaaaaai 

aaa  iaaaaaaaialaaaaBt aaaaaaaa  t ■■••■■■! _ 

!■■■»«■■■■•■■  >*■•■■  ■■■■  •Biaaaaa  i|riasaaaa  laaaaaaaaaaaaai 
■  ass  ■■■bmbhiimbibi  aa  ibbm  Jkfia ibsb  . . . 

■  BBS  !•■■  llilRBli  '■•  BBBBB  a  kSBSBBBB.  ’■■•••■•••I  ■•BBImBI  ■■■■■ 

<aaa  iiaa. aaiaa ass ia aariaa  a.  aaaaaaaa  ■■■•■••i  '■•aaaas  >•»« - * - - 


- - - - 

•■■•■ •■■■■■aiM ■■aaaaaaaa ■■aiiiaiaa aaa mb a ■■■a •■■*■■■■*■ ■■**■■■■■• 


■  ■  ■  ■  i  e«  ■  ■  ■  ■ .  a  a  ■  ■  ■■  r  «  ■  a  ■  ■■  a  '  ■  ■  ■  ■  a  bv  ■■  ■■  ■■  a  lataau.  aaaaaa>aa«lifa  •■■■■■■  iaa  ■■■■•■■  ••■■•■••■•■■■■■■■••••■■■■•aaaliaaavaaaaaaaa*] 

■  •■  ■  *«■■■■■  -aaaaaa.  aaaaaaa  aaa  aaaa  'taaaa  aa  aaaaaaa  ■•■aaaa  •■aaaTtft  aaaaaa.  aaaaaaa  . . . . . . . . . 

■  ■  vMaiaaaB '■aaaaaa  •■■■Nit aiaaiataaiBaBB  .■■J¥ist  aaaaaa.  aaa ■■■■  •■■■■■■  •■aaaai  .■  . . . ■■■■■••*#•■  aaaaaaar 

*aaaM  aw  aaa  aaaa  laiiaa  a  aaaaaaa. ’■■■•■■•  aaaa  aaa  aiaiaSa  ■aaagfia  aaa  aaaa. 'aaaaaa  •aaiaaa  .■•aaaaaBBBaaaaaaaaBaaBaaBaaaBaBaiaaBaBaaaaBBaBiaiaBB  iHiaiia 

'•  —a  <b«.  ••■■■  ai  ■■■■■  as  ■■••■••  .••••••  (!■•■■■.  ••■■■•.  . . .  aaaafiB.'BBBBBBi  . . . 

■a.  •«  .•■■>•  ••■•*.  ••■Bin«MtB«t  •aaiiH  •■•■■••b«  ■••■■■aaa  ■■■■■■■  •■■■■■•  «bbsbs» •■■■•■■•■»•■>*■■■»»»■»•■*•■■■■■• »■■■»■•■•■■■»»"••«■• ■  ■••«■■ 

■  aa.  aa»il.  ibsim.  •aiiiB.aum.  aaaaaa.  ■•■aaa.  a  f  ■  a  ■  ■  >  saiasa  'Man.  aaaaaa  laaaaaa  •■•aaBaaaBB  BaBaSBaBaB  ■■■■■bibbb  saasaaaaas  biiibibiim  Bbb*bbi 

■■aa  'Bails.  .  •laaai  <um«  •aaaaaa  ••■■•■a  . .  laaaaaa  '  •aaaaaaaaa  aaaaaaaaaa  lammaa  a . MM  ■■aaf  Bljaiaaliiiaai 

•  a  ..  '•■••■  ■■aaat  ■■  auia  iaaaa as ■■■■■■•  a  aaaiai  Ah  aa.  •■■•aa  i  ■■■■•■  ■■■■«■>  aaaaaa.  iiBaBaiaaBiiaafilMiliiianMiHaiiaiaiiiiailMlBll  aaaaaai 
»-  ■  a  -4aaaa  -aaaaaa  . . .  ■■aaia.  aaaaaa  'aaaaia  laaiaai  aaaaaai  ••••aiiaaaaai  ■■■iBflaaaaaiaaaaBiaaiiaaaaaaBiaaaaaaiailBaaaiaaiaMa  laiaiii 

•  ■•aaaVi  aaa. 'aaaaaa  laaaii.  aaaaaa.  aaaaaa  aaaaaaa  «aaafl>  •■■■aa  laaaaaa utaak  iB aaaai  ■aaaaaaaaaaaaaaaiaahaaaaaaaaaaaaaaaaaaaaB  ■aaaaaaaaaa  •!••« 

a. -a  . . .  . . . . .  aaaMa  ■aaaai  aiaaaa  laaaaa. 'aaaaaa  •aaiaaaaaa aaiai bbbbb aaiaaiaaaa iaaaai|M*aaM|aaaMaaa|MU 

.•Mar . .  aaai  aa  . .  ■•■■■■  naaaak  aialaiaaaaiai  unii  ■  as  aaa  '  a  a  a  a 

»  a  .  •••••>'■  •■■tltliia.  >■■••.  .■)■•■  <■■■■•• 

■  i.aaaaa*  taaikiMaii  -■■■■>.  ■■■■■■•■**■■  •■■■■»»  »>»■  ••••••  laaiaai  ■■■■■•■■dpJ 

•  aiaa.iMiiaMfjMxann  >a«)M  ••■•■.•■  .  aaaa  a.  aasia.  aaaaai  laaaai  aaaaa  ■  >aill 


■  aai.aa 

laaia.a 


talk  iiaai 


.  _  . . .  _ 

A*  u  .  'kalii'Maaa  '■■•■>  aaaaa.  aaai 
>-sS»aa  'aaaitiaftak  ••■■■.  aaaaa.  aai 
i.«  aak.'aaaaa sJaaaa ■  laai.  iaaia  -ai 
■  a.  aaaBa.  aaaaa>aSaBa  aaaaa. -aaaaa  •<_ 
- —  '■aaaa.  aaaaa  ■aaaa  k  ■•■••  'aaaaa  » 


.  aaaaa.  aaasat  Biaaak  ■•aaa.  lam  'aaaaa  . .  naakaMMaaBaM  aaaa;  ■aaaaaaaaaa  aai 

•  ’■■■as ■aaaaa  . . .  <■■■■■  (■■aaaaa aaaaaaaaaa laakaaaaai laaMMaa* •aaaiaiaai aaaai 

•k  sal  ala  ■■■■■•■■■■■(  aaaaa  <■■!■■  laaaai  aa«  an  BaaaaaaaaaaaaaiaavaaaaaaaaBBaaaaaaBaBaaaaianaaaiwai 
— k  aaaaa. •■■■•*. 'aaaa*  laiui  ■•••n  ■■■■■■■■■■■  ■■■■■■■■■■■■■■■■■  ■■■■■■■■■■■aaaaaaaaBBaaaiaaaiai  r~ 
a  '•■)■•'•■■•><■■■■.  saaiB  <■■■■■■■■■■ sal aaa ■■■■■■■■■■■■■■!■■ ■■■■■■■■•■■■*■■■•»•• aaaaaaaaaa aa 

as  '■••■>  ki«M,wasai  •■■■■■  BBBBB  •BBBBI  ■rnmmrnm  •mmmmmammmmmmmmmrn  bbmbbbbbb B«B*Ba«aaB  ■■•kaaBaBBa Bb 


b  a  b  a  sis  aa 

■WHSHKKHKHRMRHBWHIBSSIHflHKKjL . . 

n.-k  .as.  lass.  «■■■•<■■■.  ••■u.iaia.  i|*i»  ■  •■■•  k  ■« ■■■(■■■  ' *#•■  ■■■■>  aaaat  aaaai  Baas.  ■■■■•  ■■■■■■■■■•■••■a  ■■■■uhib ■§ 
uilk nai.  «a«ikS|||.  ■■■•> •■■•f«ia|\V||li  ■•«■■ !*■■» Bills •■»■■ ■•■■■ •■■■■>■■■■ saia*  aaaas ■■■*«■■■■■•■■■■ aaaaJBaaaaa* 

•  s. ■■■■■.  «BBB  '■••■  'likk  «(■■>  ••■  ■•  sbbB.  *•••.  «■■■  •■■■■  '^fes  (•■■•■•••■•■■■••■•‘■■li  '■■■■  ispas  ■■•■■  |bbb»  »■■•■■■■!»■  ■■ 

.  . . .  aaaa  ■■■■->■  ■■.  ss ib.«i •■  '•a  ■•  ■■■••■•  b>IKb. aa.*.  iBaii  iili  <■■■■  ■■■■  .  aiSBi  iiiiliiailtMiimlBHitf* 

M|u|lfu||ua|U||u||||i||||B||u||||  artMiai.  «na.'i(i  »aa«a  »•■■  aaia.  . . . 

«  'B»bb  kB»a  ■•■■  a  aaa  as  ■•■•biib 


■  aaaa  *■■■■ -aaa. saaa.  ■■•■'■■•■■aja.k 


kiaaa  laaaai  <a«aaa  is-bbb.  sbs  'aa*.-aa«.  — 
>ias  iaaaas  '■■■■■»  m.  ■■«.  sib.  aaa.  ■■%• 

■  •aiJikiaa  ibbibsi  ••■■••■■■'■•.mb.iA 

■aaaaaaaaa  laaaaai ibbb ibb.'bbb.  aaa 

■as  ta  all  iBaaaa  imniitkBB.  ••■  •(«« 

•»»■•  ••  .  ill  . . .  'msM.  «bV 

■•■.•i«ir*iriaaaiaiMMaaiB.  »sa 


-a;a'aia.«*a.  «■■»■■■■  ■■■■•■■■  'aanaii  ’■■■-■■■.  na.  ssai  a*  ail  a  a . .  aaaaa  aasai  ■aaaa  lUaaWWHWf 

■  ■'(•■a-  ms.  •■•>  aitxiBMMi  •«■■■■«•  ■■■»  uakiasMiai  aaaaaa  aaaaa  BaaBaaaaaaafllaa  aaaaa  aaaaa  aamaaaaaB  aaaaa  aaaaa 
|MU  ••».••■  ■»■(•■■(■■•  ■■■.  aaa  •■■■  'a ■  a  <aai  <■■•  •■■■  (•■■■■■•■•■■•aaiaiMaBiaiiaaiiaBBBiiiaaaiiiiiiiiaaia 
■«■•.  aaiwiaa.'  ass.  BBa.-asa  >■•■  •■■•«■■•  aaa.  aaa>  ■■■  •■■■  '■  aaaaa ■•■■■  ■■•■■■■■■■  aaMaaaaaaa ■■■■■■■■■■ 

^^■ssaiiv  as*,  aaa  <aaa.  ■■«■■•■•***  aaa.  aaa  im  ■•■•■•■i  iaai  a  ■■■■aaaaaa  ■■■■>■»•■■  apaHTa»sa«BM»>aa>a  asiaaaaao 
Ma. aaa.  iaa «•■•  '•■•  (■■k«aa.’<akiiat«iai  ■•■'■■■  aaa* a ■■■■■■■■■■  aaaaamiaaaaaainHIaaaaaaaliaaaaaaiaBiaaaaaa 
sis  •■**«»■.  ai* saaa  ’*• .  aaa  •■■■  ■■••■■•  aaa. <■■■•■■  aaa  i ■■■■»■■■*■■■■■■■•■■■■■■■■■■■■■  aaaaaaaaaa afiaaaaaaaa 


•■•aaa 

. . . 

■aaa  a  aaa  a  ■  a  a  a  a  a  a  a  a  ■  ■  aaBaaaBalH^MVn 
■■■■■ ■;■ ■ a a pa a a a a a bb ■ ■■ ■ a a aa aaaaaaial 
■aaa a aaaa ■■!■■■■■«*• aaaaaaaaaa ■■■■■■■ 
■aaaaaaaaa  aaaaaaaaaffaaaaaaaaaa  aaaaaai 
•■■■■■■•■■■■■■kalkl*S|BBIklkBMMBIII 
•••■■■••■■■•■•■■■■■I  ■•■■■•■■••MnB| 
. . . 


■  ■•■bsbs  tk  ’•s  IMPii  >b  ’|>(i  (I.  Bksa  is  vbb  «■>  aa  aa  ■■■  aaaaaaa 
•agap>»MOa-'a»^  usa.  a.  assi  ■■•  aaaa  >a.  aa  •■■■■■■ 

-  - - - - - ial*aa*aaaa.-a».Bs>*^»  mi'i,  ■•.  si  ■■  ’a,  ■»  aa »a  >a*  ai  «■  *■■■■■■ 

■  aaaimasa«iaina|isiaaai aiaiiiiaaa ■■■■■■■aaaili*ik «k v --  - -  — - —  —  — - - 

- - - - 

_ ■■■■•■■■■■■■■■■•■■■■■■■■■i - 

■a ■ aaaaaaa aaaaaaaaaa  aaaaaaaaaa  aaaaaai 


. .  . . . . 

■■■■■■■■•■■rfn»iii  •■•■•••■•■■aaiaataik  >4 
.  . . . . . 

. . . 

jaaaaaaaaaai •■■••  ■■■■■■■■■■  ihshim.  ■> 


aaa ■■■■■■■■■•■■■■■•••■• aaaaaaaaaa aaaaaaaaaa 

.  —  _  _  - - —  _ ^■■■■■■■■■■■■■■■■■■■■■■■aaaaiaaaaaaaaaaaaaaa 

a.  aask  sa  •■  (■>  ■■■•■■lai  ■■■■■•aiHMMaiiaaasaaHi aaaaaaaaaaaaaaBaaaaa 

l  ’■  '•»  B.  ■>■»■■•■(•  ■  1 B  k  BB«IIIIM«|MMM*MaMMI  BBBBB  BMBIB  BBBBB  BBBBB 
- - - _ -  -  - -  _  _  >B  w  *B.'B.  B  'B.  B.  Ik  •(  Bl  . . .  MMMBIIBBMBIIIIBI 

BBBBB  BPBaa  ■■■■•■■•■•  . .  (•>  H'k'rk'rtdii'k  aa  sa  sa  aa  «a  aa  ■■■«■■  . .  ■■■■  aaavaaaaiiaaaaaB 

BBaaBBPaaaBaBBBBaaaa ■•■■■■■■■■■■■■■■■■■■*.'■.  »  -a  "a  "a'a^a  'kUin.  a.  a.  a,  a  a  >a  'aa*a««aaaaaaaaIaaaaaBaaaa ■■§■■■■■■■  aaaaaaaiaa 
aaaa  as  bbbbb  ■•■■■aaaa  •■■■•■■■■■■■■■■■■■(•••.  s,  hik.  Sk  ■.•■■a  iisikt  a.  ■>  aaaaa  •■■■■■■■■aaaaaaBaaasiaaaaaaaaa  ■«■■■■■■■• 

■  ■■■■•■•••  ■••■••■■■  ••■■■■■■■■••■••••■■••■■■k  ^  k  s .  <kik  s.-a  ■  (kit  a.  a  ik  ■>  BB*aikBMaB«BBmi»|iM»Hi««aiaiaaiHaaMBi 

■  - !■■■••■■■•  •■■■■  •■■■■BBBBBBBBf  ■■■■■■.  «.  k',(,  k.'Kkl  'l  'a  *.•■.»■  •»  Bi-B  •■  ■■■■•  •■■■■■■■■■■■■■■••vil  ■■■■■■■■■■  ■■■( - 
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Figure  3  -  Continued 


Figure  3e  -  M 
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Figure  5  -  Continued 


H  in  degrees 
Figure  5f  -  M  -  1.2 
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Figure  5  -  Continued 
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P  In  degrees 
Figure  5g  -  M  ■  1.3 


£  In  degrees 


Figure  9  -  A  Correlation  of  Circular  Arc.  Boattail 
Coefficients  with  Jet  Off 
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Figure  13  -  Cylindrical  Afterbody  Base  Pressure  Coefficients  with  Turbulent  Boundary  Layer 
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